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1. Introduction  
The regulation of reproduction is performed by complex hormonal system: hypothalamus - 
pituitary - ovary. There are a lot of ovarian peptides, playing an essential role in the 
regulation of this hormonal system. However, the mechanisms of their action are not exactly 
elucidated. Within ovarian peptides, inhibins are seemed to be consider as very important. 
The term “inhibin” was indicated by McCullagh in 1932. He described inhibin as a 
hydrophilic substance and an extract from male gonads, which inhibits the pituitary gland. 
However, only 53 years later, the isolation of inhibin from follicular fluid in cows for the 
first has been performed. Inhibin was characterized as a glycoprotein, consisting of two 
subunits linked by disulfide bond (Yamaguchi et al, 1991). 
Inhibins belong to the superfamily of transforming growth factor ┚ (TGF-┚). This family 
contains about 30 peptides, including activin, Anti-Müllerian Hormone (AMH), epithelial 
growth factor (epidermal growth factor - EGF) and the subfamily of transforming growth 
factor-┚ (TGF-┚) (de Kretser et al., 2002).Inhibins (inhibin A, B, total inhibin) play a very 
important role in the regulation of female reproduction. 
Inhibins are glycoprotein substances produced mainly in the ovaries and they take part in 
the regulation of menstrual cycle. They consist of a glycosylated subunit ┙ combined with 
disulfide bond with one of two different subunits β (betaA or betaB). The resulting inhibin 
are properly labeled as inhibin A (alpha betaA) and inhibin B (alpha betaB) (Burger & 
Igarashi, 1988). 
Inhibins play an important role in reproductive functions by regulating pituitary follicle-
stimulating hormone (FSH) secretion during the menstrual cycle. This regulation  is 
processed by a feedback mechanism. FSH stimulates the maturation of ovarian follicles, 
where granulosa cells produce inhibins. Increased levels of inhibins in the peripheral blood 
subsequently inhibit the secretion of FSH (Muttukrishna et al., 2000). 
There are studies about possible use of inhibins in reproductive medicine.  
Inhibin A is secreted mainly by the dominant follicles and corpus luteum of the ovary. In 
addition, the sources of this peptide are also adrenal, pituitary, spleen, bone marrow, 
placenta and fetal membranes (Petraglia et al., 1999). Recent data indicates the evaluation of 
inhibin A concentration mainly in the obstetric diagnosis (Florio et al., 2004).   
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Fig. 1. Role of inhibins in hypothalamic - pituitary – ovarian axis. 
According to current knowledge inhibin A can be used in the diagnosis of ectopic 
pregnancy, mola hydatidosa, threatened abortion, pre-eclampsia and pregnancy associated 
with Down's syndrome (Meczekalski & Podfigurna-Stopa, 2009). 
The concentration of inhibin A in blood serum in the early follicular phase is low. It begins to 
rise during the late follicular phase, reaching its peak in the middle of the secretion of luteal 
phase. Throughout the follicular phase of the menstrual cycle inhibin B concentration is higher 
than the levels of inhibin A in blood serum. Their levels correlate with the concentrations of 
FSH, luteinizing hormone (LH) and estradiol in the blood serum (Klein et al., 1996). 
Inhibin A may be a particular marker of early pregnancy loss (Mattukrishna et al., 2002). Both, 
single and serial measurements were used to predict subsequent pregnancy loss in women 
with recurrent miscarriage. There are low serum concentrations of inhibin A at early 
gestational age in pregnancies destined to miscarry. Its measurement at the time of the first 
pregnancy test might be able to predict pregnancy outcome (Al-Azemi et al., 2003). Inhibin B is 
secreted mainly in ovaries and its function is focused on gynecology. Inhibin B is produced by 
the granulosa cells of early follicles in ovary. The differences in the secretion of inhibin A and B 
may suggest their different physiological role. Inhibin B seems to play a major role as a marker 
of follicular growth and could be a potential tool to assess the response to ovulation induction 
by the action of FSH. It may also play an important role as a prognostic factor in premature 
ovarian failure and the hypothalamic disturbances (Welt  et al., 1997). 
In men, only inhibin B is secreted. It is produced by Sertoli cells in the testis, accordingly to the 
circadian rhythm with a minimum at 10.00 p.m. and the peak from 7.00 to 9.00 a.m. Production 
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of inhibin B correlates positively with the function of Sertoli cells and the amount of semen. 
Instead, negative correlation between inhibin B and FSH is recorded (Yamaguchi et al., 1991). 
Inhibin B is mainly secreted during the follicular phase of the menstrual cycle. The 
concentration of inhibin B in serum appears to be growing in the early follicular phase, with 
a prominent peak occurring after the increase of FSH secretion and gradually decreases in 
the late follicular phase. Another peak of inhibin B secretion is observed two days after the 
LH peak, and then its rapid decline, which leads to low levels of inhibin B in the luteal 
phase (Groome et al., 1996). 
Secretion of inhibins changes due to age. In regularly menstruating premenopausal women, 
in spite of normal levels of estradiol and LH, elevated levels of FSH during the follicular 
phase of the menstrual cycle was found. This higher concentration of FSH appears for a few 
years before the onset of menopause, and is accompanied by decreased ovarian reserve and 
reduced fertility factor. This  increased levels of FSH is due to significantly reduced 
production of inhibin B by a reduced pool of ovarian follicles in the follicular phase. 
Concentrations of inhibin A, also are reduced in women who are premenopausal. In these 
patients initially lower the levels of inhibin B in the follicular phase are stated, and only 
secondly it comes to lower levels of inhibin A. The concentrations of both inhibin A and 
inhibin B in women during menopause are almost undetectable (Danforth et al., 1998). 
 
 SECRETION 
INHIBIN A dominant follicles and corpus luteum of the ovary 
Adrenals 
Pituitary 
Spleen 
bone marrow 
Placenta 
fetal membranes 
INHIBIN B granulosa cells of early antral follicles 
Table 1. Sources of inhibin A and inhibin B secretion in womens’ organism. 
The measurement of inhibin B can provide useful information about ovarian reserve,  and 
plays an important role in assisted reproductive techniques. Inhibin B can be also regarded 
as potential marker of diagnosis of premature ovarian failure (POF) and ovarian recovery in 
hypothalamic disturbances (Meczekalski & Podfigurna-Stopa, 2009).  
Both inhibin A and inhibin B can play helpful role in the assessment of ovarian function in 
patient with Turner syndrome. 
 
 Diagnostic role 
INHIBIN A ectopic pregnancy 
mola hydatidosa 
threatened abortion  
pre-eclampsia 
pregnancy associated with Down's syndrome 
TOTAL INHIBIN ovarian tumors 
PCOS 
Table 2. Role of inhibin A and total inhibin in obstetrics and gynecology. 
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Total inhibin is the sum of precursors, subunits of inhibins and molecules. Estimation of 
total inhibin may play a role in polycystic ovary syndrome (PCOS) and may serve as a 
potential marker for ovarian cancer (Tsigkou et al., 2007, 2008). 
There are requirements of further studies to clarify the use of inhibins in clinical practice of 
reproductive endocrinology. 
Inhibins act indirectly through the antagonistic action to activins, which are dimers with 
protein molecular weight of about 24,000 Da. 
Activins are members of the TGF-┚ family and they are secreted by the tubal epithelial cells. 
They are homodimers of inhibin ┚ subunits (┚ A and ┚ B) and there are distinguished three 
different glycoproteins: activin A (┚ A- ┚ A), activin B (┚ B- ┚ B) and activin AB (┚ A- ┚ B).  
Activins are produced as larger precursor proteins that are subsequently unlinked to excrete 
the mature C-terminal protein. 
Activins regulate their action by binding to a complex of transmembrane serine and 
threonine kinase receptors. These activin receptors are categorized into two groups: type I 
receptor group, comprising the activin receptor-like kinase, and type II receptor group 
comprising the activin type IIA and type IIB receptors (ActRIIA and ActRIIB). 
Activin function is regulated by follistatin, which is the binding protein (Refaat et al., 2004). 
Binding of activin to follistatin is almost irreversible and this harmonized synthesis of 
follistatin with activin is the main regulator of the local bioactivity of activin.  
The activin follistatin complex is most often composed of one activin dimer and two 
follistatin molecules.  
Circulating activin is generally revealed as linked with the long-form follistatin (follistatin- 
315). The short form of follistatin (follistatin-288) demonstrates high affinity for association 
with cell membrane proteoglycans. It is said that the affinity of binding activin A, activin B 
and activin AB to follistatin seems to be similar. 
Activins stimulate pituitary FSH secretion and play an important role mainly in the 
regulation of reproductive, but also in the immunological function. 
2. Ectopic pregnancy and serum biomarkers for diagnosis of ectopic 
pregnancy 
Ectopic pregnancy is a situation when fertilized egg has implanted outside the uterus 
(Walker, 2007). Ectopic means “out of place”. The most common site of implantation is 
fallopian tube (98% of cases), mainly in the ampullary region. Other types of ectopic 
pregnancy include interstitial, corneal, ovarian, cervical, scar, intraabdominal and 
heterotopic pregnancy (Condous, 2009).  
The incidence of ectopic pregnancy has been increasing in the last decades. The incidence of 
ectopic pregnancy has increased from 0,37 % of pregnancies in 1948 to approximately  2% of 
pregnancies in 1992 (Centers for Disease Control). According to the literature from 2002 one 
in every 80 pregnancy is extrauterines. More than 100 000 cases are reported in each year in 
United States (Zane et al., 2002). In the developing world the incidence is much higher than 
in developed countries.  
Despite the fact that mortality decreased by almost 90% from 1979 to 1992, ectopic 
pregnancy remains the leading cause of death during the first trimester of pregnancy with a 
9% to 14% mortality rate (Lozeau & Potter, 2005).   
Ectopic pregnancy is an increasing health risk for women throughout the world and 
continues to be the leading cause of maternal death in the first trimester of pregnancy. The 
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cause of this high mortality is very often because of improper examination delayed 
diagnosis. The early diagnosis of ectopic pregnancy should be based on the transvaginal 
sonography. However, in some of women with suspected early ectopic pregnancy, the 
assessment with the transvaginal sonography is inefficient.  In these women, biochemical 
assessment is used to establish the correct diagnosis. 
Measurement of biochemical parameters describing ectopic pregnancy is mainly based on 
the estimation of serum human chorionic gonadotropin (┚-hCG) and progesterone 
concentrations. None of these markers are efficient in the diagnosis of ectopic pregnancy, 
that is why new screening methods and algorithms are needed. 
Short- and long-term consequences on health related quality of life and psychological issues 
are important but are rarely quantified.  
The most important risk factors include a history of ectopic pregnancy, tubal surgery and 
pelvic inflammatory disease. 
Early diagnosis of ectopic pregnancy is critical for conservation of fallopian tubal integrity 
and prevent potentially life-threatening abdominal bleeding (Lipscomb, 2010).  
Ectopic pregnancy can be difficult to diagnose because symptoms often mirror those of 
normal early pregnancy. The initial evaluation of patients suspected for to have an ectopic 
pregnancy contain a quantitative measurements of serum human chorionic gonadotropin 
test (hCG)and transvaginal ultrasonography (US) (Lipscomb, 2010). The use of above-
mentioned traditional tool sometimes cannot be fully helpful (Practice Committee of the 
American Society for Reproductive Medicine, 2006).  
Fewer than 50% of tubal ectopic pregnancies are diagnosed at the patient’s initial 
presentation (Munro et al., 2008). Despite clinical advances in imaging ultrasound is non-
conclusive in up to 18% of women whom measurement of serial hCG concentration is 
necessary guide management. Further difficulties are encountered because serial hCG 
determination cannot separate arrested intrauterine from tubal ectopic pregnancies (Horne 
et al., 2010). Decelerated increase in hCG concentration cannot be used to discriminate 
between a miscarriage and an ectopic pregnancy. If hCG levels are found high, the 
probability of having ectopic pregnancy is about 30%. 
A probability of having ectopic pregnancy in women with unknown pregnancy location and 
progesterone concentrations higher than 5.01 ng/ml is as high as 30% , whereas with 
progesterone values below the cutoff the probability of having an ectopic pregnancy is 
about 3.49%. 
Multiple visits and tests currently necessary are a real expense for health service. As an 
example data from Edinburgh indicates that health services in Scotland are spending up to 
1,5 million of British Pounds per year diagnosis and excluding ectopic pregnancy (an 
estimated 9 million of British Pounds in direct costs alone to health services per year 
throughout the United Kingdom alone) (Florio et al., 2007).   
The aim is to find fast and accurate test to diagnose ectopic pregnancy. It would reduce the 
number of visit of patients during diagnosis process and it would help to avoid unnecessary 
laparoscopy.   
At present, more than 20 biomarkers have been identified to improve earlier diagnosis of 
ectopic pregnancy. Some of the biomarkers such as placental protein 14 at first was 
identified as good marker of ectopic pregnancy but further studies revealed its weak 
discriminatory value. Some of the biomarkers such as cancer antigen 125, pregnancy 
associated plasma protein A, estradiol are able to discriminate a tubal ectopic pregnancy 
from a viable intrauterine pregnancy. Unfortunately, they appeared to be unable to 
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distinguish the former from a non-viable intrauterine pregnancy (miscarriage) (Katsikis et 
al., 2006). The problem is also that other biomarkers such us progesterone, creatinine kinase, 
vascular endothelial growth factor (VEGF) could not be used in clinical practice because the 
results of study have been conflicting. (Develioglu et al., 2002). 
The best serum biomarker should be easy available, cheap, reliable and based on one 
measurement. It is important  particularly for developing countries that  it should be a 
single marker. These countries have the highest morbidity and mortality problems related to 
ectopic pregnancy. Therefore essential progress can be observed in the work on new 
candidate biomarkers for ectopic pregnancy diagnosis. New biomarkers can be based on 
genomic technology. The attention should be paid on recent discovery the inhibin/activin 
beta B under-expression in the decidualized endometrium of women with tubal ectopic 
pregnancies.  This kind of discovery can indicate that some secreted proteins associated with 
uterine decidualization can be useful in the diagnostic process of ectopic pregnancy.   
Little is known of the mechanism by which the process of embryo transport is coordinated 
within the tube. Both cilial activity and tubal peristalsis are believed to be necessary for 
successful transport of the embryo along the tube and to ensure delivery of the embryo at the 
endometrial cavity at the optimum time for adhesion and implantation. This is critical for the 
successful establishment of pregnancy and avoidance of ectopic pregnancy. Therefore, we 
investigated whether epithelium from Fallopian tubes bearing an ectopic pregnancy differs 
from a normal tube in expression of TGF-┚ family and related proteins and their receptors. 
3. Inhibins in ectopic pregnancy 
3.1 Inhibin A in ectopic pregnancy 
There are only few reports on the possible role of inhibin A in ectopic pregnancy.  
First report about possible role of inhibin levels in ectopic pregnancy comes from 1996. 
It was case-control study and included 19 women who had ectopic pregnancy confirmed at 
surgery and by pathology (Seifer et al., 1996). Control group was composed of 24 women of 
similar chronological and gestational age with sonographic evidence of an intrauterine 
pregnancies that are conceived spontaneously. Serum total and dimeric inhibin 
concentrations in women with ectopic pregnancy were < 60% of the concentrations for 
women with single intrauterine pregnancies. Total inhibin, but not dimeric inhibin-A, was 
elevated in maternal serum before week 8 of gestation relative to normal menstrual cycle 
levels. Serum inhibin concentrations are lower in ectopic pregnancy as compared with 
intrauterine pregnancies that are spontaneously conceived and the relative amounts of 
dimeric inhibin-A, B, and alpha inhibin subunit in maternal serum may change throughout 
gestation (Seifer et al., 1996).  
Next study related to evaluation of inhibin A as a marker of persistent ectopic pregnancy 
was published in 1998 (D’Antona et al., 1998). Results of this study suggest that inhibin A 
will not be a useful marker for ectopic pregnancy but that it may provide a more accurate 
preoperative assessment of trophoblast viability than hCG, thereby improving management. 
Another study (prospective case control study) performed 3 years ago evaluated whether 
inhibin A concentrations is a clinically useful marker of ectopic pregnancy (Segal et al., 2008). It 
was confirmed that inhibin A may be reliable marker for diagnosis of ectopic pregnancy. 
There  is also report that serum inhibin A levels can be used in the prediction of failing 
“pregnancy of unknown location” but according to authors this marker is not such reliable 
as serum hCG levels  (Kirk, 2009). 
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The new concept for diagnose ectopic pregnancy is based on the genomic technology. The 
attention should be paid on recent discovery that there are differences in function of the 
decidualized endometrium in tubal ectopic and intrauterine pregnancies of similar 
gestations. Inhibin/activin ┚ B subunit expression was related to the degree of 
decidualization of the endometrium and was reduced in tubal ectopic pregnancies.  
Serum inhibin levels have been reported to be lower in spontaneously conceived ectopic 
pregnancies compared with intrauterine pregnancies (Seifer et al., 1996).  
Serum inhibin A levels can be used in the prediction of failing “pregnancy of unknown 
location” (Kirk et al., 2009). 
Segal et al (2010) performed a prospective case-control study to determine whether inhibin 
A concentrations is a clinically useful marker of ectopic pregnancy (Segal et al., 2010). They 
confirmed that inhibin A may be reliable marker for diagnosis of ectopic pregnancy. 
There are also suggestions that  inhibin A will not be a useful marker for ectopic pregnancy 
but that it may provide a more accurate preoperative assessment of trophoblast viability 
than hCG, thereby improving management (D’Antona et al., 1998) 
3.2 Inhibin B in ectopic pregnancy 
There are no reports about inhibin B as useful marker of ectopic pregnancy. 
3.3 Total inhibin in ectopic pregnancy 
Total inhibin is the sum of precursors, subunits of inhibins and molecules. Estimation of 
total inhibin may play a role in polycystic ovary syndrome (PCOS) and may serve as a 
potential marker for ovarian cancer (Tsigkou et al, 2007, 2008). 
Inhibins act indirectly through the antagonistic action to activin, which are dimers with 
protein molecular weight of about 24,000 Da. 
There is only one report cited above (Seifert et al., 1996) about role of total inhibin in patients 
with ectopic pregnancy. This study presents that serum total and dimeric inhibin 
concentrations in women with ectopic pregnancy were < 60% of the concentrations for 
women with single intrauterine pregnancies. 
4. Activins in ectopic pregnancy 
The placenta is the main source of activin A during pregnancy. In the maternal circulation 
serum activin A concentrations are higher than in nonpregnant women and increase 
throughout pregnancy until delivery. It is thought that activin A plays an essential role in 
the endocrine physiology of human pregnancy (Petraglia et al., 1987).  
As the embryo moves toward the uterine cavity, the uterine tubes are biologically active, 
providing an environment that assures fertilization and early embryonic development. There 
is an embryonic maternal cooperation in which the maternal reproductive tract and the 
embryo changes to provide embryonic and endometrial maturation. Recently, the expression 
of activin subunits, type II receptors and follistatin by the premenopausal Fallopian tube was 
demonstrated. It is suggested that activins are combined with follistatin and play a paracrine 
and autocrine role in early development and transport of embryo (Bahathiq et al., 2002).  
Patients with the diagnosis of ectopic pregnancy are characterized by lower serum activin A 
concentrations than in patients with first-trimester spontaneous abortion and in patients 
with intrauterine pregnancy. The findings of low activin A concentrations in ectopic 
pregnancy are quite recent. It is suggested that an impaired secretion of activin A occurs in 
the presence of problems related to trophoblast invasion and implantation.  
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Variations in maternal activin A concentrations occurring in trophoblast diseases are 
believed to be part of the adaptive response of the placenta to adverse environmental 
conditions (Florio et al., 2001). 
Patients with the diagnosis of ectopic pregnancy demonstrate disturbed activin A release in 
the placenta, which impairs the endometrium vascularization and subsequently trophoblast 
implantation not in the uterus (Dimitriadis et al., 2005). 
Role of the endometrium which is a pivotal source of activin A is essential in the ground of 
implantation of ectopic pregnancy. During the secretory phase of the menstrual cycle (at the 
time of blastocyst implantation), activin A is present in the uterine fluid of cycling women in 
higher concentrations than during the proliferative phase. Activin A is a well-known 
regulator of the differentiation of proliferative cytotrophoblast into extravillous invasive 
trophoblast cells of the anchoring villi (Norwitz et al., 2001). The lack of an adequate 
endometrial secretion of activin A may be related to the lack of appropriate messages to the 
placenta for a right implantation. Additionally, activin A levels correlate with endometrial 
thickness. Such an increase of endometrial activin A and secretion at the time of blastocyst 
apposition may play an important role in embryo implantation (Caniggia et al., 1997). 
The probability of having an ectopic pregnancy may be estimated more precisely and more 
quickly if activin A measurement is performed.  
Single activin A measurement may identify patients at risk of ectopic pregnancy with a high 
sensibility and specificity. Positive predictive value for ectopic pregnancy (approximately 
97%) is possible when low serum activin levels are observed. These procedures may select 
pregnancies at higher risk of ectopic pregnancy earlier and possibly to prevent unnecessary 
interventions. 
Additionally, activins play an important role in inflammation and are involved in the 
pathogenesis of inflammatory, fibrotic diseases and early scar formation. Activin A expression 
has been reported to increase in several inflammatory diseases, such as septicemia, 
inflammatory bowel disease, rheumatoid arthritis and asthma (Phillips et al., 2001). 
Nowadays, there is a suggestion that activin A could play an essential role in chlamydial 
infection. Refaat B. et al in 2009 performed a study about role of activins in the ectopic 
pregnancy in patients with or without Chlamydia trachomatis infection (Refaat, 2009).  
Infection with Chlamydia trachomatis increases the production of tumor necrosis factor 
alpha (TGF-┙) in human cervical tissue, interleukin-1 in human fallopian tube bearing an 
ectopic pregnancy, and interleukin-6 in serum from women diagnosed with ectopic 
pregnancy. Activin A has been reported to modulate the function of B lymphocytes, which 
play an important role in controlling reinfection with Chlamydia trachomatis. Infection with 
Chlamydia trachomatis is associated with scar formation. Repeated Chlamydia trachomatis 
infection of pigtailed macaque fallopian tubes produces a Th1-like cytokine response 
associated with fibrosis and scarring.  
There is an increased activin A expression and its related molecules by human tubal 
epithelial cells in patients with the diagnosis of ectopic pregnancy. It has been suggested 
that tubal activins may be involved in the immune response to chlamydia-induced tubal 
chronic inflammation. This impairment in the activin expression by epithelial cells of 
fallopian tube may result in tubal pathology and subsequently may be the cause of 
development of ectopic pregnancy (Roan et al., 2008). 
Increased expression of activin ┚A subunit and type II receptors may lead to impairment of 
tubal motility, an increase in tubal receptivity, and subsequently the development of ectopic 
pregnancy. It is said that tubal activin A, its type II receptors could be involved in the microbial- 
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mediated immune response within the fallopian tube, and their pathological expression may 
lead to tubal damage and the development of ectopic pregnancy (Refaat, 2009). 
The intensity of expression of activin-┚A subunit, ActRIIA and ActRIIB and follistatin by the 
epithelial cells of human Fallopian tubes in patients with ectopic pregnancy is increased. 
However, the up-regulation of the proteins is accompanied by a down-regulation of the 
mRNA of these molecules.  The mRNA of these molecules is rapidly translated and 
degraded, resulting in rapid turnover of the mRNA, with depletion of these mRNAs due to 
the prolonged synthesis of large amounts of activin-A, its receptors, and follistatin. (Refaat 
et al., 2009).  
Epithelial cells of the Fallopian tube have been reported to expressed nitric oxide (NO) and 
NO synthase. Activin-A stimulates the NO production in a concentration-dependent 
manner in a variety of tissues and cells. NO is engaged in many female reproductive 
functions and it has a relaxing effect on smooth muscles of the Fallopian tube. Additionally, 
Perez in 2000 reported in rat oviduct a significant increase in tubal transport of ova after the 
local administration of NO synthase inhibitors (Perez, 2000). 
Increased activin-A expression by the Fallopian tube epithelial cells may stimulate tubal 
decidualization and trophoblast invasion within the tube. Furthermore, an increase in 
activin-A expression by the Fallopian tube epithelial cells may increase the production of 
NO in a concentration-dependent manner, resulting in pathological relaxation of the tubal 
smooth muscles, failure of propulsion of the early embryo along the Fallopian tube and the 
development of ectopic pregnancy.  
5. Conclusion 
Ectopic pregnancy is really an important clinical problem. Particular aspect is referred to 
precise and fast diagnosis with the use of  serum biomarkers. Activins and inhibins can be 
regarded as such biomarker  candidate. So far the number of reports on the role of activins 
and inhibins in ectopic pregnancy diagnosis is limited. 
Majority of studies on inhibin A (but the number is very limited) indicates that this 
substance can be consider as possible marker of ectopic pregnancy. 
New biomarkers can be based on genomic technology. The attention should be paid on 
recent discovery the inhibin/activin beta B under-expression in the decidualized 
endometrium of women with tubal ectopic pregnancies. This kind of discovery can indicate 
that some secreted proteins associated with uterine decidualization can be useful in the 
diagnostic process of ectopic pregnancy.   
During pregnancy, the human placenta is the main source of maternal activin A and serum 
concentrations of activin A progressively increase throughout pregnancy until delivery. 
Impaired secretion of activin A is related to trophoblast invasion and implantation. Patients 
with the diagnosis of ectopic pregnancy are thought to have low serum activin A 
concentrations.  
There is no doubts that further studies on activins and inhibins in the aspect of ectopic 
pregnancy are required. 
6. Acknowledgment  
Address all correspondence and requests for reprints to: Assoc. Professor Blazej 
Meczekalski, Chairman of the Department of Gynecological Endocrinology, Poznan 
University of Medical Sciences, Poznan, ul. Polna 33, 60-535 Poznan, Poland. 
www.intechopen.com
 
Ectopic Pregnancy – Modern Diagnosis and Management 
 
160 
E-mail: blazejmeczekalski@yahoo.com 
Disclosure Statement: The authors have nothing to declare.  
7. References  
Al-Azemi M, Ledger WL, Diejomaoh M, Mousa M, Makhseed M, Omu A. 2003. 
Measurement of inhibin A and inhibin pro-alphaC in early human pregnancy and 
their role in the prediction of pregnancy outcome in patients with recurrent 
pregnancy loss. Fertil Steril. Dec;80(6):1473-9. 
Bahathiq AO, Stewart RL, Wells M, Moore HD, Pacey AA, Ledger WL. 2002 Production of 
activins by the human endosalpinx. J Clin Endocrinol Metab. 87:5283–5289. 
Burger HG. & Igarashi M. 1988. Inhibin: definition and nomenclature, including related 
substances. J Clin Endocrinol Metab. 66:885-6. 
Caniggia I, Lye SJ, Cross JC. 1997. Activin is a local regulator of human cytotrophoblast cell 
differentiation. Endocrinology. 138:3976–3986. 
Condous G. 2009. Ectopic pregnancy : challenging accepted  management strategies. Obstet 
Gynecol. 49 (4), 246-351. 
Centers for Disease Control and Prevention (CDC). 1995. Ectopic Pregnancy: United States, 
1990-1992. MMWR Morb Mortal Wkly Rep. 44, 46-48. 
Danforth DR, Arbogast LK, Mroueh J, Kim MH, Kennard EA, Seifer DB, Friedman CI. 1998. 
Dimeric inhibin: a direct marker of ovarian aging. Fertil Steril. 70:119-23. 
D'Antona D, Mamers PM, Lowe PJ, Balazs N, Groome NP, Wallace EM. 1998. Evaluation of 
serum inhibin A as a surveillance marker after conservative management of tubal 
pregnancy. Hum Reprod. Aug;13(8):2305-7. 
de Kretser DM, Hedger MP, Loveland KL, Phillips DJ. 2002. Inhibins, activins and follistatin 
in reproduction. Hum Reprod Update. 8:529-41. 
Develioglu OH, Bilgin T, Yalcin OT, Ozalp S. 2003. Transvaginal ultrasonography and 
uterine artery Doppler in diagnosing endometrial pathologies and carcinoma in 
postmenopausal bleeding. Arch Gynecol Obstet. Aug;268(3):175-80. Epub 2002 Dec 21. 
Dimitriadis E, White CA, Jones RL, Salamonsen LA .2005. Cytokines, chemokines and 
growth factors in endometrium related to implantation. Hum Reprod Updat.e 11:613–630. 
Dixit VD, Parvizi N. 2001. Nitric oxide and the control of reproduction. Anim Reprod Sci. 
65:1–16. 
Florio P, Cobellis L, Luisi S, Ciarmela P, Severi FM, Bocchi C, Petraglia F. 2001. Changes in 
inhibins and activin secretion in healthy and pathological pregnancies. Mol Cell 
Endocrinol 180:123–130. 
Florio P, Luisi S, Ciarmela P, Severi FM, Bocchi C, Petraglia F. 2004. Inhibins and activins in 
pregnancy. Mol Cell Endocrinol. 225:93-100. 
Florio P, Severi FM, Bocchi C, Luisi S, Petraglia F. 2003. Abruptio placentae and highest 
maternal serum activin A levels at mid-gestation: a two cases report. Placenta. 
24:279–280. 
Florio P, Severi FM, Bocchi C, Luisi S, Mazzini M, Danero S, Torricelli M, Petraglia F. 2007. 
Single serum activin a testing to predict ectopic pregnancy. J Clin Endocrinol Metab. 
May;92(5):1748-53. Epub 2007 Mar 6. 
Francis M, Arkle M, Martin L, Butler TM, Cruz MC, Opare-Aryee G, Dacke CG, Brown JF. 
2003. Relaxant effects of parathyroid hormone and parathyroid hormone-related 
peptides on oviduct motility in birds and mammals: possible role of nitric oxide. 
Gen Comp Endocrinol. 133:243–251. 
www.intechopen.com
 
Inhibins and Activins as Possible Marker of Ectopic Pregnancy 
 
161 
Groome NP, Illingworth PJ, O'Brien M, Pai R, Rodger FE, Mather JP, McNeilly AS. 1996.  
Measurement of dimeric inhibin B throughout the human menstrual cycle. J Clin 
Endocrinol Metab. 81:1401-5. 
Hatakeyama D, Sadamoto H, Watanabe T, Wagatsuma A, Kobayashi S, Fujito Y, Yamashita 
M, Sakakibara M, Kemenes G, Ito E. 2006. Requirement of new protein synthesis of 
a transcription factor for memory consolidation: paradoxical changes in mRNA and 
protein levels of C/EBP. J Mol Biol 356:569– 577. 
Horne AW, Duncan WC, Critchley HO. 2010.  The need for serum biomarker development 
for diagnosing and excluding tubal ectopic pregnancy. Acta Obstet Gynecol Scand. 
Mar;89(3):299-301. 
Jones RL, Findlay JK, Farnworth PG, Robertson DM, Wallace E, Salamonsen LA. 2006 
Activin A and inhibin A differentially regulate human uterine matrix 
metalloproteinases: potential interactions during decidualization and trophoblast 
invasion. Endocrinology 147:724–732. 
Katsikis I, Rousso D, Farmakiotis D, Kourtis A, Diamanti-Kandarakis E, Panidis D. 2006. 
Receiver operator characteristics and diagnostic value of progesterone and CA-125 
in the prediction of ectopic and abortive intrauterine gestations. Eur J Obstet Gynecol 
Reprod Biol. Apr 1;125(2):226-32. Epub 2005 Nov 21. 
Kirk E, Papageorghiou AT, Van Calster B, Condous G, Cowans N, Van Huffel S, 
Timmerman D, Spencer K, Bourne T. 2009. The use of serum inhibin A and activin 
A levels in predicting the outcome of 'pregnancies of unknown location'. Hum 
Reprod. Oct;24(10):2451-6. Epub 2009 Jun 23. 
Klein NA, Illingworth PJ, Groome NP, McNeilly AS, Battaglia DE, Soules MR. 1996. 
Decreased inhibin B secretion is associated with the monotropic FSH rise in older, 
ovulatory women: a study of serum and follicular fluid levels of dimeric inhibin A 
and B in spontaneous menstrual cycles. J Clin Endocrinol Metab. 81:2742-5. 
Kriebs JM, Fahey JO. 2006. Ectopic pregnancy. J Midwifery Womens Health. 51:431–439. 
Lipscomb GH. 2010. Ectopic pregnancy: still cause for concern. Obstet Gynecol. 
Mar;115(3):487-8. 
Lozeau AM, Potter B. 2005. Diagnosis and management of ectopic pregnancy. AM Fam 
Physician. 72: 1707-1714. 
Lyons RA, Saridogan E, Djahanbakhch O. 2006. The reproductive significance of human 
Fallopian tube cilia. Hum Reprod Update. 12:363–372. 
Meczekalski B, Podfigurna-Stopa A. 2009. The role of inhibins in functions and dysfunctions 
of female reproduction. Part I. Pol Merkur Lekarski. Mar;26(153):258-62. Review. Polish. 
Meczekalski B, Podfigurna-Stopa A. 2009. The role of inhibins in functions and dysfunctions 
of female reproduction--Part II. Pol Merkur Lekarski. Jun;26(156):676-8. Review. 
Polish. 
Munro KJ, Horne AW, Duncan WC, Critchley HOD. 2008. Features associated with the time 
to diagnosis and amanagement of ectopic pregnancy. Scot Med J. 53, 49. 
Muttukrishna S, Child T, Lockwood GM, Groome NP, Barlow DH, Ledger WL. 2000. Serum 
concentrations of dimeric inhibins, activin A, gonadotrophins and ovarian steroids 
during the menstrual cycle in older women. Hum Reprod. 15:549-56. 
Norwitz ER, Schust DJ, Fisher SJ. 2001. Mechanisms of disease: implantation and the 
survival of early pregnancy. N Engl J Med. 345:1400–1408. 
Pangas SA, Woodruff TK. 2000. Activin signal transduction pathways. Trends Endocrinol 
Metab. 11:309–314. 
www.intechopen.com
 
Ectopic Pregnancy – Modern Diagnosis and Management 
 
162 
Perez Martinez S, Viggiano M, Franchi AM, Herrero MB, Ortiz ME, Gimeno MF, VillalonM. 
2000. Effect of nitric oxide synthase inhibitors on ovum transport and oviductal 
smooth muscle activity in the rat oviduct. J Reprod Fertil .118:111–117. 
Petraglia F., Zanin E., Faletti A., Reis FM. 1999. Inhibins: paracrine and endocrine effects in 
female reproductive function. Curr Opin Obstet Gynecol. 11:241-7. 
Phillips, D. J., K. L. Jones, J. Y. Scheerlinck, M. P. Hedger, and D. M. de Kretser. 2001. 
Evidence for activin A and follistatin involvement in the systemic inflammatory 
response. Mol. Cell. Endocrinol. 180:155–162. 
Practice Committee of the American Society for Reproductive Medicine. 2006. Medical 
treatment of ectopic pregnancy. Fertil Steril. 86, Suppl 1, S96-102. 
Refaat BA, Bahathiq AO, Sockanathan S, Stewart RL, Wells M, Ledger WL. 2004. Production 
and localization of activins and activin type IIA and IIB receptors by the human 
endosalpinx. Reproduction. 128:249–255. 
Refaat B, Al-Azemi M, Geary I, Eley A, Ledger W. 2009. Role of activins and inducible nitric 
oxide in the pathogenesis of ectopic pregnancy in patients with or without 
Chlamydia trachomatis infection. Clin Vaccine Immunol. Oct;16(10):1493-503. Epub 
2009 Aug 19. 
Roan, N. R., and M. N. Starnbach. 2008. Immune-mediated control of Chlamydia infection. 
Cell. Microbiol. 10:9–19. 
Sau M, Sau AK, Roberts JK, Goldthorp W. 2000. Treatment of unruptured ectopic pregnancy 
with methotrexate.AU.K. experience. Acta Obstet Gynecol Scand. 79:790–792. 
Segal S, Gor H, Correa N, Mercado R, Veenstra K, Rivnay B. 2008. Inhibin A: marker for 
diagnosis of ectopic and early abnormal pregnancies. Reprod Biomed Online. 
Dec;17(6):789-94. 
Segal S., Mercado R., Rivnay B. 2010. Ectopic pregnancy early diagnosis markers. Minerva 
Ginecol. 62, 49-62. 
Seifer DB, Lambert-Messerlian GM, Canick JA, Frishman GN, Schneyer AL. 1996. Serum 
inhibin levels are lower in ectopic than intrauterine spontaneously conceived 
pregnancies. Fertil Steril. Mar;65(3):667-9. 
Tay JI, Moore J, Walker JJ. 2000. Ectopic pregnancy. BMJ. 320:916–919. 
Tsigkou A., Luisi S., De Leo V. Patton L, Gambineri A, Reis FM, Pasquali R, Petraglia F. 
2008.  High serum concentration of total inhibin in polycystic ovary syndrome. 
Fertil Steril. Nov;90(5):1859-63. 
Tsigkou A., Marrelli D., Reis FM. Luisi S, Silva-Filho AL, Roviello F, Triginelli SA, Petraglia 
F. 2007.  Total inhibin is a potential serum marker for epithelial ovarian cancer. J 
Clin Endocrinol Metab. Jul;92(7):2526-31. 
Yamaguchi M-A., Mizunuma H., Miyamoto K., Hasegawa Y, Ibuki Y, Igarashi M. 1991.  
Immunoreactive inhibin concentrations in adult men: prcsence of a circadian 
rhythm. J Clin Endocrin Metab. Mar;72(3):554-9. 
Walker JJ. 2007. Ectopic pregnancy. Clin Obstet Gynecol. Mar;50(1):89-99. 
Welt CK, Martin KA., Taylor AE., Lambert-Messerlian GM, Crowley WF Jr, Smith JA, 
Schoenfeld DA, Hall JE. 1997. Frequency modulation of follicle-stimulating 
hormone (FSH) during the luteal-follicular transition: evidence for FSH control of 
inhibin B in normal women. J Clin Endocrinol Metab. Aug;82(8):2645-52. 
Zane SB, Kieke BA Jr, Kendrick JS, Bruce C. 2002. Surveillance in a time of changing health 
care practices: estimating ectopic pregnancy incidence in the United States. Matern 
Child Health J. Dec;6(4):227-36. 
www.intechopen.com
Ectopic Pregnancy - Modern Diagnosis and Management
Edited by Dr. Michael Kamrava
ISBN 978-953-307-648-5
Hard cover, 248 pages
Publisher InTech
Published online 26, October, 2011
Published in print edition October, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Ectopic pregnancy is the second major cause of maternal mortality in the United States and a leading cause of
maternal morbidity and mortality in the world. This book contains the practical methods to early diagnosis of
various forms of ectopic pregnancies and their modern management. Ectopic Pregnancy - Modern Diagnosis
and Management is a comprehensive book which guides the reader through all features of ectopic pregnancy,
both practical and academic, covering all aspects of diagnosis and management of ectopic pregnancy in a
clear, concise, and practical fashion. The book is organized so that it can either be read cover to cover for a
comprehensive tutorial or be kept desk side as a reference to the ectopic pregnancies. Each chapter
introduces a number of related ectopic pregnancy and its diagnosis, treatment and co-morbidities supported
by examples. Included chapters bring together valuable materials in the form of extended clinical knowledge
from practice to clinic features.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Blazej Meczekalski and Agnieszka Podfigurna-Stopa (2011). Inhibins and Activins as Possible Marker of
Ectopic Pregnancy, Ectopic Pregnancy - Modern Diagnosis and Management, Dr. Michael Kamrava (Ed.),
ISBN: 978-953-307-648-5, InTech, Available from: http://www.intechopen.com/books/ectopic-pregnancy-
modern-diagnosis-and-management/inhibins-and-activins-as-possible-marker-of-ectopic-pregnancy
© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
